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ABSTRACT: In the current work, the levels of mercury, cadmium, lead, copper and zinc 
have been determined in Ophelia bicornis and in sediments collected seasonally from the 
Sinop coast of the southern Black Sea in 2015. Hg and Pb levels were usually greater in 
sediment than those in worms. Cd, Cu and Zn levels, however, were higher in the worm 
samples. Zn had the maximum concentration factor average and Pb displayed the minimum 
concentration factor value. It may be turned out that O. bicornis has capability to 
accumulate the heavy metals from the marine ecosystem and it will be used as a bio-
monitor species for Cd, Cu and Zn in the Black Sea. 
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INTRODUCTION 
 
The Black Sea is pretty much landlocked and the aeration of the dark waters by lateral 
influxes is accordingly weak. On the side, mighty volume stratification effectively bars 
upright mixing. Last of all, persistent anoxia comes into being about 90% of the Black Seas 
bulk, building the Black Sea the biggest anoxic catchment of the world oceans. Its surface 
measure is five times smaller than its catchment area. Roughly, 170 million people are 
living around the basin area of the Black Sea (Mee 1992, 2005, Zaitsev and Mamaev 1997). 
During the last thirty years the Black Sea has endured major changes induced by 
anthropogenic activities. Pollution and eutrophication process have produced irreversible 
alterations in the constitution of the benthic biota (Mee 2005). However, anthropogenic 
activities are presently the sharpest driver of alter use in marine biodiversity at all grades 
of the system. Therefore, upcoming propensities will depend strongly on human-induced 
threats. The ecological problem in the Black Sea resulting of anthropogenic pushing, joined 
by natural variability and climate changes, which is displayed by dramatic alteration in its 
ecosystem and sources (Sezgin et al. 2010). Ecological problems of the Black Sea are 
profoundly connected to the inimitable properties of the environment (Bat, 2014).  
Macrobenthic organisms play an important role in the functioning of littoral and 
sublittoral zones of ecosystem of the Black Sea (Kirkim et al. 2006). Firstly, they form fish 
food resources, the quality and productivity which specify abundance of fish resources. 
Secondly, they possess filtrating qualities, determining the course of the processes of 
biological purification and its intensity and the participation of the bottom fauna in the 
destruction and accumulation of organic substances. Benthic organisms are the main 
components of the Black Sea coastal marine life. Any significant change in the species 
composition of benthos will have a visible impact on the general food-web in the Black 
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Sea (Bat et al. 2011). At present, domestic and chemical pollution of Turkish coast of the 
Black Sea mainly effect benthos.  
Chemicals, in particular heavy metals accumulate in sediments. Sediments compose 
an ecologically significant component of the coastal marine ecosystem (Bat et al. 2015). 
Many organisms, especially polychaetes found in the sediments, are included in food 
chains finishing in shorebirds and fish of commercial importance. Marine polychaetes were 
proposed for the qualification of sediment and water ecotoxicological studies (Bat 2005). 
Polychaetes have the capability of accumulating heavy metals and thus they are candidate 
organisms for bio-indicator studies. For many decades, marine polychaetes were used as 
biomonitoring organisms for heavy metals in contaminated marine coastal ecosystems 
owing to various proper features like their adequate measurement, abundance, simple use 
in the laboratory and the capability to concentrate metals. Therefore, it is of great interest 
to study metal levels in polychaetes.  
Ophelia bicornis is probably the best known member of the genus (Fish and Fish 
1996). O. bicornis lives in fine, well-drained sand in the middle and lower shore of the 
Black Sea water areas (Dagli et al. 2015) but its distribution is often localized (Fish and 
Fish 1996). The worm remains within the sediments (Fish and Fish 1996) and its preferred 
habitat is coarse sand free of mud. It burrows headfirst into the sand and its belly and side 
grooves forming a channel for respiration. Limiting factors are the pollution of the sand 
near the coast, man-made changes in the granulometric composition of the sand and 
trampling (UNEP 2016, WoRMS Editorial Board, 2016). Moreover, Dagli et al. (2005) 
pointed out that this species is commercially important due to its use as fish bait in 
aquaculture and for leisure fishing in Turkey.  
The current work appraised amounts of Cu, Zn, Hg, Cd and Pb evaluated by 
Inductively Coupled Plasma – Mass Spectrometer (ICP-MS) in O. bicornis and sediment 
picked up the southern Black Sea coast and scored the usefulness of this species as a bio 
monitor. There was no information on the heavy metal concentration in the O. bicornis 
around the Black Sea coasts. 
 
MATERIALS AND METHOD 
 
Sinop is located on the most northern edge of the Turkish side of the Black Sea coast. 
Sampling site is given in Fig. 1. 
Fig. 1. Study area. 
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Collection of worms: 
Individuals of O. bicornis were collected seasonally in 2015 in mid littoral sand from 
the coasts of the Sinop Peninsula in the Black Sea. After sampling, they were carried-out 
in the laboratory for metal analysis. Every individual was cleaned by rinsing with bi-
distilled water to remove any debris and other external adherent. The body length (TL) of 
each individual was measured by using a digital compass. It was then drained under the 
folds of the filter, weighed, put into the plastic bags and then frozen at -21ºC prior to 
analysis. 
Sediment collection: 
Scuba divers collected the sediment samples using the PVC cores, in the surroundings 
of the O. bicornis. The core samples provided was 10 cm in length with 4 cm dia. Next, 
they were sliced 4 cm interval with the sediment extruding device. The sediment slices 
were put in cleaned polyethylene bags with ice to keep cold and carried to the 
Hydrobiology Laboratory of Fisheries Faculty. They were frozen at -21ºC in a deep freezer 
until analysis. 
Analytical procedure:  
O. bicornis analysis: Metal analysis of the worm samples were done using m-AOAC 
999.10- ICP/MS method by approved Environment Industrial Analysis Laboratory 
Services Trade Company (TURKAK Test TS EN ISO IEC 17025 AB-0364-T). EN 15763 
European Standard methods were used. 
Sediment analysis: Metal analysis (except Hg) in all subsampling pulverized to 85% 
passing 200 mesh size sieves. Sample was acid digested and finally analysed on ultra-trace 
ICP-MS. Method used was accredited by ACME Analytical Laboratories Ltd. (Vancouver, 
Canada). Ultra-trace Aqua Regia digestion method for Hg analysis was also used by 
accredited ACME Analytical Laboratories. 
Statistical analysis: The acquired data was statistically viewed for approval of the 
results. Heavy metals in whole tissues from the worm samples were expressed in mg /kg 
wet wt. Statistical analysis was made using of IBM SPSS version 21 statistic program. On 
account of detecting significant differences among tissues, one-way ANOVA and Duncan 
multiple comparison test were made. The significance level was set at p = 0.05. 
The Concentration factors (CFs) were to calculate the capacity of O. bicornis to accumulate 
heavy metal from sediment and were computed as whole average heavy metal 
concentration in O. bicornis / overall average heavy metal concentration in sediment. 
 
RESULTS AND DISCUSSION 
 
A total of 100 individuals of O. bicornis with a total length of 4 to 5 mm, 25 in each 
season, were used for metal analysis. The levels of the heavy metals in the whole soft 
tissues of O. bicornis and in sediment from the Sinop coasts in the Black Sea presented in 
Figs. 2-6. Much of the heavy metals enters to marine ecosystems and eventually 
accumulates in sediments where it presents a risk to benthic biota. Metals are taken up by 
O. bicornis from food, sediment and water, distributed throughout O. bicornis body by 
blood and eventually accumulated in target organs. 
There were no significant differences (p>0.05) in all metal concentrations in the 
sediments between seasons. The concentrations of Hg and Pb were found to be higher in 
sediment than those in O. bicornis. While, Cd, Cu and  Zn  levels  in  the  worms were  also  
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Fig. 2. The means with standard deviations (vertical line) of Hg concentrations in the            
O. bicornis and in sediment from Sinop coasts of the Black Sea seasonally in 2015. 
The same letters on the vertical bars in each graph indicate that the values are not 
significantly different (p > 0.05). 
Fig. 3. The means with standard deviations (vertical line) of Cd concentrations in the             
O. bicornis and in sediment from Sinop coasts of the Black Sea seasonally in 2015. 
The same letters the vertical bars in each graph indicate that the values are not 
significantly different (p > 0.05). 
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Fig. 4. The means with standard deviations (vertical line) of Pb concentrations in the             
O. bicornis and in sediment from Sinop coasts of the Black Sea seasonally in 2015. 
The same letters the vertical bars in each graph indicate that the values are not 
significantly different (p > 0.05). 
 
Fig. 5. The means with standard deviations (vertical line) of Cu concentrations in the            
O. bicornis and in sediment from Sinop coasts of the Black Sea seasonally in 2015. 
The same letters the vertical bars in each graph indicate that the values are not 
significantly different (p > 0.05). 
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Fig. 6. The means with standard deviations (vertical line) of Zn concentrations in the             
O. bicornis and in sediment from Sinop coasts of the Black Sea seasonally in 2015. 
The same letters the vertical bars in each graph indicate that the values are not 
significantly different (p > 0.05). 
 
higher than those in the sediment. There were also no significant differences (p>0.05) of 
Cd levels in O. bicornis between seasonal, whereas other metals showed seasonal 
differences (p˂0.05). 
In general, the essential metals showed a greater tendency to accumulate in the worms. 
However, it was observed that Hg, Pb levels were greater in whole tissues of O. bicornis 
in winter and autumn than those in summer and spring. Cu and Zn levels were also higher 
in autumn than in the other seasons. Differences in accumulation between seasons can be 
mainly attributed to differences in diet or due to differences in temperature. 
Moreover, because larger worm specimens as elder /of older age are exposed for a 
longer time compared to smaller worms therefore bio-accumulation of metal concentration 
in them is much higher. Larger worm specimens are also nearer to seabed and lesser to 
surface in comparison to smaller specimens and thus remain in contaminated sediment for 
a longer time. In the current study relatively, larger samples were collected in autumn and 
winter as reported by Dagli et al. (2015).  
In spite of being benthic and non-migratory, these levels species showed different 
levels of metal accumulation in their tissues. These differences may be resulted from the 
variation in their diet and accumulation strategies. The benthic species usually accumulated 
higher heavy metal levels, due to the greater exposure to metal enriched sediment.  
The concentration factors (CFs) were used to understand the efficiency of O. bicornis 
to accumulate heavy metals from the sediments. Low level factors of heavy metals indicate 
low accumulation of heavy metals by the worms. High concentration factors of the heavy 
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metals demonstrate reveal active uptake. The CF value of Zn was observed to be the 
highest, followed by Cd and Cu while, the CF value of Pb was recorded the lowest             
(Fig. 7). It may be concluded that O. bicornis accumulates all the studied heavy metals 
from the marine ecosystem. 
Fig. 7. Mean bio-sediment concentration factors (CF) in O. bicornis. 
 
The current work provides the first data on the distribution of heavy metals in the 
whole tissues of O. bicornis from the southern Black Sea coast. Further study will be 
required to evaluate such trends for much smaller benthic species. 
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